Abstract
Background Cerebellar glioblastoma multiforme (GBM) is rare and presents with increased intracranial pressure and cerebellar signs. The recommended treatment is radical resection, if possible, with radiation and chemotherapy. Clinical Presentation presented with hypertensive cerebellar bleeding and a 2-day history of severe headaches, nausea, vomiting, gait instability, and elevated blood pressure. Computed tomography (CT) showed a left cerebellar hematoma with no obstruction of cerebrospinal fluid and no hydrocephalus. CT angiography showed no signs of pathologic blood vessels in the posterior cranial fossa. The patient was observed in the hospital and discharged. Subsequent CT showed complete hematoma resorption. Two weeks later, he developed headaches, nausea, and worsening cerebellar symptoms. Magnetic resonance imaging (MRI) showed a 4-cm diameter tumor in the left cerebellar hemisphere where the hemorrhage was located. The tumor was radically resected and diagnosed as GBM. The patient underwent radiation and chemotherapy. At a follow-up of 1.5 years, MRIs showed no tumor recurrence. Conclusion Hypertensive cerebellar hemorrhage may be the first presentation of underlying tumor, specifically GBM. Patients undergoing surgery for cerebellar hemorrhage should have clot specimens sent for histologic examination and have pre-and postcontrast MRIs. Patients not undergoing surgery should have MRIs done after hematoma resolution to rule out underlying tumor.
with a massive hypertensive hemorrhage in the left cerebellar hemisphere. A month after the hematoma resolved, a cerebellar GBM was identified. Details of the clinical picture, radiologic presentation, and surgical and oncologic treatment of this case are described.
Clinical Presentation
A middle-age man with a history of hypertension was admitted to the intensive care unit (ICU) from the emergency department. The patient had a clinical history of generalized headache, gait and trunk instability, and elevated blood pressure. The symptoms had been worsening for 2 days before admission. At the time of presentation, he had been mildly lethargic with a Glasgow Coma Scale score of 14. His neurologic signs included cerebellar ataxia, tandem gait inability, and dysmetria. The patient had a markedly elevated blood pressure of 160/100 mm Hg, but the results of all routine biochemical investigations were normal. A computed tomography (CT) scan without contrast revealed a large hemorrhage in the left cerebellar hemisphere, measuring $ 4 cm in diameter, but no obstruction of the fourth ventricle or hydrocephalus (►Fig. 1). CT angiography did not reveal any abnormalities in the blood vessels of the cerebellum (►Fig. 2). The patient remained clinically stable during observation and was treated conservatively. He spent 5 days in the ICU and another 5 days on the neurosurgery hospital service. There were no indications for surgery. During his hospital stay, CT scans were repeated twice and revealed a gradual resorption of blood in the left cerebellar hemisphere.
The patient was discharged with improvement of neurologic deficits, and a follow-up CT scan of the brain showed complete resorption of the hemorrhage 2 weeks after discharge (►Fig. 3). At his follow-up appointment 2 weeks later, however, the results of the patient's neurologic examination were worse. He had developed progressively worsening cerebellar signs with gait disturbance, nystagmus, nausea, and clumsiness of the extremities. Magnetic resonance imaging (MRI) studies of the brain revealed a left cerebellar mass (►Fig. 4).
Subsequently, the patient underwent a posterior fossa craniotomy by the senior author (K.A.) with radical microsurgical resection of the tumor. Microscopic examination of the tissues revealed normal cerebellar tissue and the presence of a neoplasm. The tumor displayed a pattern of cellular organization not normally seen in the cerebellum or cerebrum. Dominant histopathologic features included hypercellularity, nuclear anisonucleosis and hyperchromatism, disorganization, hypervascularity, endothelial proliferation, extensive microcystic changes, and "malignant" giant cells. The tumor cells stained uniformly positive for gliofibrillary acid protein and neuron specific enolase, and they did not have the reticulin stain pattern of a cerebellar hemangioblastoma (►Fig. 5).
Postoperatively, the patient developed hydrocephalus and was treated with a third ventriculostomy. He recovered well and his cerebellar signs eventually resolved. He then underwent radiotherapy with concomitant and adjuvant temozolomide beginning 24 days after surgery. Irradiation was delivered in a 54-Gy dose divided into 27 fractions. An MRI study of the brain with and without contrast 6 days after surgery confirmed radical tumor removal. The MRI was Fig. 1 (A,B) The axial T1-weighted noncontrast computed tomography images at presentation. Note the large hyperdense area in the left cerebellar hemisphere consistent with hypertensive cerebellar hemorrhage. repeated every 3 months since and-1.5 years later-no evidence of tumor recurrence has been found (►Fig. 6).
Discussion
GBM is the most common primary intracranial tumor in adults. 2, 4, 9, 19, 20 Approximately two-thirds of the cases occur in adult patients, with a peak incidence around the sixth decade and a second peak in the first decade. 
Cerebellar GBMs
The scarcity of cerebellar GBMs is unexplained. 1, 3, 25 One would anticipate these tumors to arise in the cerebellar location at a rate of $ 10% because the weight of the cerebellum is 10% of the weight of the whole brain.
12,22,24 Cerebellar
GBMs spread quickly and have a poor prognosis. Adults with an infratentorial GBM have a median overall life expectancy of $ 10 months, with a 1-year life expectancy of 38%. 5, 8, 11, 12, 16 In children, the prognosis is also poor, with a mean survival time of 10 months. 
18,21,22
Like other glial lesions, cerebellar GBMs do not present in any specific way. The pattern of presentation depends on the site of the tumor and its speed of spread to the posterior fossa. 11, 13, 14 Patients often have headaches, signs of increased intracranial pressure, and cerebellar signs including cerebellar ataxia, an inability to perform a tandem gait, dysmetria, and dysdiadochokinesia. 3, 8, [10] [11] [12] [13] [14] 16 The duration of symptoms before presentation varies from 1 to 4 months, a period significantly shorter than that of the more common tumors of the posterior fossa, which tend to have a longer history before presentation.
9,23,25,26
GBMs of the cerebellum may also occur and present in atypical ways. 4, 18, 27 One case reported in the literature describes the development of a cerebellar GBM after surgery for a medulloblastoma. 26 Radiation therapy as a contributory or causative factor of GBM has also been suggested, and one cerebellar GBM occurred after irradiation of a cerebellar astrocytoma. 27 One case report describes a cerebellar GBM in a patient diagnosed earlier with neurofibromatosis type I.
2

Hypertensive Cerebellar Hemorrhage and GBM
Long-standing hypertension with degenerative changes in the vessel walls and subsequent rupture is believed to be the most common cause of a typical cerebellar hemorrhage.
10,13,28
Blood dyscrasias, amyloid angiopathy, arteriovenous malformations, trauma, and sympathomimetic abuse are less common causes of cerebellar hemorrhage. Cerebellar hemorrhages have been reported to be rare in patients after supratentorial or spinal surgery and in patients with spontaneous intracranial hypotension. 18, 29, 30 The location of the hemorrhage is important in determining the symptoms and clinical course, and the location may be more important than the absolute hematoma size for prognosis. 13, 30, 31 Generally speaking, the more lateral the hemorrhage and the smaller the hematoma, the more likely the brainstem structures are spared and the better the prognosis. Brainstem damage by compression from an expanding mass in the posterior fossa is a common and feared complication.
18,28,30
Suprasellar GBMs have a known propensity for bleeding.
11,32 Furthermore, as noted earlier, cerebellar hypertensive hemorrhage is frequently encountered in neurosurgical practice. In our review of the English-language literature, however, we were unable to find a hypertensive cerebellar hemorrhage as the presenting entity of a GBM. Based on our experience, hypertensive cerebellar hemorrhage may disguise an underlying cerebellar GBM, and awareness of this possibility may avoid delay in diagnostics and treatment.
Based on their clinical and neuroradiologic presentations, cerebellar hypertensive hematomas are treated surgically (external ventricular drainage to resolve hydrocephalus, surgical removal of a blood clot, or both) or with observation and repeated CT scans until blood resorption is documented. Careful control of blood pressure with medication titration is recommended.
10,18,28,30
Conclusion
A cerebellar GBM is a very rare clinical entity. Hypertensive cerebellar hemorrhage may be the first presentation of an underlying tumor, specifically a GBM. Based on our experience with this patient, we recommend that patients who undergo surgery for a cerebellar hypertensive hemorrhage should have the removed blood clots sent for careful histologic examination to rule out the possibility of an underlying tumor (including GBM). They should then be followed with pre and postcontrast MRI studies. Patients with cerebellar bleeding who are followed conservatively and do not undergo surgical removal of the blood clot should have a pre-and postcontrast MRI study done immediately after the hematoma resolves to prevent any potential delay in diagnosis and treatment.
